Introduction
Consider a mapping of the real plane onto itself H (x) is a diffeomorphism, dissipative with positive constant Jacobian and has an attracting spiral. The extra term ~ e IR 2 can represent a time dependent perturbation ~ = ~ (x, n), bounded noise or a coupling to a second deterministic system {~ = ~ (x, v), v' = M (x, v), with v e R"}. Four our purpose the only and essential property is that it is bounded, i. e. there is a positive constant c~ such that I~l < a.
(1.2)
where [] denotes the Euclidean norm in ~2. The aim of this paper is to predict the effect of the extra term ~ on the attractor and its basin in dependence of 6.
As an example we take for H (x) the Henon mapping (cf. (2.1, 13)). In Fig. I a the basin of attraction is shown for one set of parameters values. In the presence of bounded noise with small enough amplitude, one expects a phase diagram as in Fig. I b. Around the original attractor there is a region in which noisy orbits are captured. This set is called A. Around this set there is a region B: all orbits starting in this region end up in A. There is a neighbourhood C of the original basin boundary, where the asymptotic state of an initial condition depends on the particular noise sequence: orbits may converge to A, go to infinity or stay in C. Orbits starting outside C always diverge. For increasing 6, both A and C grow. At a critical value 6 c they touch and B disappears, i.e. there are no initial conditions whose orbits remain bounded for all noise sequences {~}. In this paper a method is formulated to obtain a rigorous lower bound for tic, and dependent on fi < tic a "smallest" set around the origin which encloses A and a "largest" set which is contained in B.
Our method relies upon the existence of a Lyapunov function in the basin of attraction of the spiral of H(x), which can be constructed with arbitrary accuracy for any mapping H(x) with a constant positive Jacobian [1, 2] . This Lyapunov function L (x) is defined everywhere in the basin of the attractor. It has a minimum equal to zero at the attractor and its level lines C L are closed contours around it, where C L, encloses C L if L < E (cf. Fig. 1 a) . Convergence of an orbit to the attractor is governed by the relation L (H (x)) = x/~ L (x), where b is the Jacobian of H (x).
The estimates for A and B are based on comparison of the decrease of L due to H (x) and the possibly counteracting effect of the term ~. In fact we demonstrate how to obtain estimates for a smallest L, and a largest L b such that the region A is contained in CLo and the interior of CLb is contained in B. Each orbit starting between these two level lines will eventually end up in Cza.
In Sect. 2 the main elements related to the construction of the Lyapunov function are summarized, and details of a particular choice for H (the Henon mapping) are given. The way to determine L, and L b is treated analytically in Sect. 3 and implemented numerically in Sect. 4. In Sect. 5 the resulting bounds are compared with the phase portrait of (1.1), where a particular (and unfavourable) choice for ~ is used.
